An Assessment Of The Accuracy Of Kangaroo Surveys Using Fixed-Wing Aircraft by Pople, AR et al.
C S I R O P U B L I S H I N G
Wildlife Research
Volume 25, 1998
© CSIRO 1998
A journal for the publication of original scientific research 
in the biology and management of wild native or feral introduced vertebrates
w w w. p u b l i s h . c s i r o . a u / j o u r n a l s / w r
All enquiries and manuscripts should be directed to 
Wildlife Research
CSIRO PUBLISHING
PO Box 1139 (150 Oxford St)
Collingwood Telephone: 61 3 9662 7622
Vic. 3066 Facsimile: 61 3 9662 7611
Australia Email: david.morton@publish.csiro.au
Published by CSIRO PUBLISHING
for CSIRO and the 
Australian Academy of Science
An assessment of the accuracy of kangaroo
surveys using fixed-wing aircraft
A. R. PopleA, S. C. CairnsB, T. F. ClancyC, G. C. GriggA, L. A. BeardA and C. J. SouthwellD
ADepartment of Zoology, University of Queensland, Qld 4072, Australia.
BDepartment of Zoology, University of New England, Armidale, NSW 2351, Australia.
CQueensland Department of Environment, PO Box 155, Brisbane Albert Street, Qld 4002, Australia.
DPopulation Assessment Unit, Australian Nature Conservation Agency, PO Box 636, Canberra, ACT 2601,
Australia. Present address: Australian Antarctic Division, Channel Highway, Kingston, Tas. 7050, Australia.
Abstract
The use of line-transect methodology, on foot or from a helicopter, is likely to return the most repeatable,
least biased estimates of kangaroo density. However, the associated costs make both methods impractical for
broad-scale surveys. For these, a fixed-wing aircraft remains the most cost-effective platform. Limitations of
the standard fixed-wing method (200-m strip transects) are well known, but it continues to be used because
it provides an index of trends, because there are now long runs of data (almost 20 years in some cases)
collected in this standard form and an alternative method is lacking. In this study, four variations of fixed-
wing surveys of kangaroos were investigated: two line-transect methods (involving different scanning
techniques), the standard 200-m strip transect and a 100-m strip transect. Surveys using these methods were
compared with helicopter line-transect surveys along the same flight lines in three areas (5000–7500 km2) in
western Queensland. Both fixed-wing line-transect methods failed to produce consistently accurate
estimates of density for all three species surveyed: red kangaroos (Macropus rufus), eastern grey kangaroos
(M. giganteus) and common wallaroos (M. robustus). While generally more accurate than the uncorrected
strip-transect counts, they were no less variable. However, the strip-transect counts still need to be corrected
for bias for which this study offers revised estimates of correction factors for eastern grey kangaroos
(3.7–10.2) and common wallaroos (3.8–4.1), and estimates for red kangaroos (1.7–2.7) that support
currently used values. An attractive alternative is to survey in 100-m strip transects, which offer improved
visibility (correction factors of 1.0–1.8 for red kangaroos, 2.1–3.6 for eastern grey kangaroos and 1.7–2.1 for
common wallaroos) and are therefore likely to be more accurate and repeatable. However, these advantages
need to be assessed in relation to continuing long runs of data using the standard 200-m strip transect.
Correction factors for wallaroos are conservative as helicopter-based density estimates are known to be
underestimates. Further work is needed to assess the generality of correction factors, both spatially and
temporally.
Introduction
Kangaroo management in Australia, along with the various studies of kangaroo population
dynamics upon which it depends (Caughley et al. 1984; Bayliss 1985a, 1985b; Cairns and Grigg
1993), has relied heavily upon broad-scale population surveys, with sustainable harvest quotas
being set primarily in relation to the population estimates and trends obtained from them (Pople
and Cairns 1995). To this end, strip-transect sampling with fixed-wing aircraft has become an
established method for the broad-scale monitoring of kangaroo populations (Caughley et al.
1976; Caughley and Grigg 1981). Despite this, it has long been recognised that sample counts
obtained using this method require adjustment by correction factors to ensure repeatability, for
monitoring population trends, and accuracy (or bias), for determining absolute population size
(Pollock and Kendall 1987).
Controlling for such factors as survey strip width and height above the ground (Caughley et
al. 1976), temperature (Bayliss and Giles 1985), time of day (Hill et al. 1985; Short and Hone
1988), cloud cover (Short and Bayliss 1985) and season (Southwell 1989) ensures constancy of
this bias and therefore the repeatability of the method. Here, repeatability is distinguished from
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precision or sampling error (Southwell 1989). Attempting to control for the influence of
vegetation density and canopy cover on the sightability of kangaroos through the use of habitat
correction factors (Caughley et al. 1976; Short and Bayliss 1985; Bayliss 1987; Short and Hone
1988) further ensures repeatability, by accounting for altered habitat associations of animals
between surveys, and allows the conversion of aerial counts to absolute densities.
Habitat correction factors have been developed using a number of methods including an
indirect regression technique, the index–manipulation–index method, double counting, and from
the comparison of aerial counts of kangaroos with corresponding ground counts (Southwell
1989). The latter has received the most attention and appears the most reliable and generally
applicable. However, Southwell (1989) has warned of several possible shortcomings to this
approach. Firstly, experiments must mimic the conditions of broad-scale surveys to ensure valid
comparisons. Secondly, the accuracy of some ground surveys, particularly vehicle surveys, is
questionable and obviously crucial. Finally, such correction factors are fixed, having been
developed in experiments separate from the surveys in which they are used. Southwell (1989)
therefore suggested that aerial survey methodology for kangaroos could be improved either by
refining the correction factors or by exploring the use of alternative survey methods such as line-
transect sampling where the correction for visibility bias is survey specific.
Aerial surveys of kangaroos using helicopters and line-transect methodology have been
conducted during different seasons in various parts of Queensland. Results obtained using this
technique have been found to compare favourably with those of walked line-transect surveys
(Clancy et al. 1997). Walked line-transect surveys have been found to yield accurate population
estimates of kangaroos on a small-to-medium scale (Southwell 1989, 1994). Helicopter line-
transect surveys would therefore appear to be an accurate and repeatable method for kangaroo
surveys. However, because of the high running costs of helicopters, it is unlikely that they will
ever replace fixed-wing aircraft in broad-scale surveys. There is a further reluctance to change
because there are now long runs of data (almost 20 years in some cases) collected along fixed
transect lines using a standard method. Helicopter line-transect surveys can, nevertheless,
provide estimates of kangaroo population size that can be used to evaluate those obtained from
strip-transect surveys conducted on a relatively broad scale with fixed-wing aircraft.
The present study examines the accuracy of four different fixed-wing aircraft sampling
methods (hereafter fixed-wing methods) by comparing results obtained using them with those
obtained from helicopter line-transect surveys at three different locations in that part of western
Queensland where the kangaroo populations are surveyed routinely. The three main
commercially harvested species of kangaroos in Queensland, the red kangaroo (Macropus
rufus), the eastern grey kangaroo (M. giganteus) and the common wallaroo (M. robustus) were
the subjects of this study.
Methods
Survey blocks
The study was conducted in three survey blocks centred on the western Queensland towns of Longreach
(23°308S, 144°158E), Blackall (24°238S, 145°278E) and Charleville (26°258S, 146°138E). A description of
the regional habitat of each block, based upon the Atlas of Australian Resources (Australian Survey and
Land Information Group 1990), is given below.
Longreach. Approximately 5000 km2 and dominated by open tussock grasslands of Mitchell grasses
(Astrebla spp.), with some areas of low open Acacia spp. woodland with a lower stratum of tussock grasses.
Blackall. Approximately 7500 km2 and dominated by open tussock grasslands, low open Acacia spp.
woodlands with a lower stratum of tussock grasses, and low open-to-closed Acacia spp. woodlands with no
significant lower stratum vegetation.
Charleville. Approximately 5000 km2 and dominated by low Acacia spp. and Eucalyptus spp. woodlands
with a lower stratum of tall shrubs and tussock grasses, and low open Acacia spp. and Eucalyptus spp.
woodland with a lower stratum of tussock grasses.
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Sheep grazing is the principal form of land use in all three blocks. At Blackall and Charleville, much of
the original vegetation has been ‘pulled’ with tractors and chains, but not cleared, leaving large areas of
fallen timber and regenerating vegetation. The Longreach block is naturally open. Relative sightability of
kangaroos ranges from low at Charleville, moderate at Blackall to high at Longreach. Vegetation cover is
relatively heterogeneous at Blackall and relatively homogeneous at Longreach.
Helicopter line-transect surveys
A helicopter (Bell 47 KH4) with the doors removed was flown at a ground speed of 93 km h-1 (50 kts),
61 m (200 ft) above the ground. Two observers occupying the rear seats counted kangaroos seen on either
side of the aircraft. The sightings of kangaroos were placed into 25-m distance classes up to 125 m
perpendicular to the transect line measured from directly below the observer. Sightings were recorded into
micro-cassette recorders. The distance classes were delineated on aluminium poles extending
perpendicularly from either side of the helicopter. The observers counted in 5-min units with a 30-s break
between them. A full description of this method is given in Clancy et al. (1997).
Four parallel east–west transects, 10 km apart, were flown across each of the survey blocks. Each
transect was divided into two survey lines, each approximately 40 km long and separated by a 10-km
interval which was not surveyed. A further four parallel 40-km lines were flown across the southern section
of the Blackall survey block. The exact distances were determined by a global positioning receiver. Surveys
were conducted within the three hours after sunrise and the two hours before sunset in late May and early
June 1992.
Fixed-wing aircraft surveys
The fixed-wing aircraft (Cessna 182) was flown at a ground speed of 185 km h–1 (100 kts), 76 m (250 ft)
above the ground. Two observers occupying the rear seats counted kangaroos seen on either side of the
aircraft. Sightings were recorded into micro-cassette recorders. The observers counted in 97-s units with a 7-
s break between them (Caughley and Grigg 1981). Navigation was aided by a global positioning receiver.
Surveys were conducted in sunny conditions within the two hours after sunrise and the two hours before
sunset, and were all flown in June 1992, within three weeks of the helicopter surveys. The four fixed-wing
methods examined in the study were:
ST1 – 100-m strip transects on either side of the aircraft.
ST2 – 200-m strip transects on either side of the aircraft.
LT1 – Line-transect sampling on either side of the aircraft truncated at 200 m, with sightings grouped
into 50-m perpendicular distance classes. Each 50-m distance class was scanned equally.
LT2 – Line-transect sampling on either side of the aircraft, truncated at 200 m, with sightings grouped
into 50-m perpendicular distance classes. Observers concentrated on the innermost 50-m strip, trying not
miss any animals in that strip. The outer strips were scanned only briefly at the observers’ discretion.
Fibreglass rods trailing parallel to the fuselage were attached to the wing struts on either side of the
aircraft to delineate 50-m strips on the ground out to a maximum distance of 200 m.
Data for both ST2 and LT1 were collected simultaneously, but data for the other two methods were
collected separately. All the transect lines of a survey block were usually flown during any single morning
or afternoon session. Observers swapped positions in the aircraft after each session. The order of the
separate methods used on each line was randomised to remove the possible influences of time of survey.
For each method, observers assessed the average canopy cover for each 97-s unit as being either open,
light, medium or dense. Where appropriate, intermediate scores were used. Air temperature was also
recorded at survey height at the start and finish of each transect line.
Data analysis and statistics
For each survey method, kangaroo densities were calculated for each survey block. The three
species of kangaroo were treated separately.
Strip-transect sampling
The sample counts for the 100-m and 200-m fixed-wing strip transects were expressed as raw densities
and, in the case of the 200-m counts, also as densities corrected for habitat and temperature. These
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‘corrected’ densities (CST2) were calculated using counts from both sides of the aircraft pooled. Habitat
correction factors, applied to densities in each 97-s unit, were 2.29 for open vegetation cover, 2.36 for light
cover, 2.43 for medium cover and 2.57 for dense cover, respectively (Caughley et al. 1976). If the average
temperature for a transect line was greater than 15°C, then the density estimate for CST2 was multiplied by
1/(1.474 – 0.0316T), where T is the temperature (°C) (Caughley 1989). Standard errors of density in survey
blocks were determined from the variation in density among transect lines.
Line-transect sampling
Data from the two fixed-wing line-transect methods (LT1 and LT2) and the helicopter line-transect
surveys (HLT) were analysed using the computer program DISTANCE (Laake et al. 1993). As a
preliminary to this, histograms of the perpendicular distance data were examined for evidence of heaping or
evasive movement of animals before detection. Following the recommendations of Buckland et al. (1993),
five models were considered in the analysis. Each model comprises a key function that can be adjusted by a
series expansion containing one or more parameters. The models used were either a uniform or hazard-rate
key function with either a cosine or a polynomial series expansion, and a half-normal key function with a
Hermite polynomial expansion. The number of adjustment terms were determined through the default
sequential addition of up to five terms or by examining all possible combinations of the five adjustment
terms. The model with the lowest value for Akaike’s Information Criterion (AIC) was generally selected,
although models with unrealistic spikes at the zero distance, rather than a distinct ‘shoulder’ near the
transect line, were disregarded. Because data were collected in broad distance categories, little manipulation
of the grouping intervals was possible.
Buckland et al. (1993) suggested a sample size of at least 60–80 sightings for adequate estimation of
density. Where sample size falls below this value some caution is needed in interpreting the results. No
estimates for HLT were determined for samples of <30 sightings. For LT1 and LT2, all density estimates for
both sides of the aircraft pooled were determined from >30 sightings. However, some density estimates of
eastern grey kangaroos and common wallaroos for the northern side of the fixed-wing aircraft at Longreach
were based on only 10–20 sightings.
Density estimates (D) were determined as:
D = nf(0) / 2L (1)
where n is the number of sightings, f(0) is the probability density function of the perpendicular density data
at zero distance from the survey transect and L is the total length of the survey transect (Buckland et al.
1993). Variance estimates for survey block densities were calculated as:
var(D) = D2[(CV(n))2 + (CV(f(0)))2] (2)
where CV(n) is the coefficient of variation for the number of sightings on transect lines and CV(f(0)) is the
coefficient of variation of the probability density function of the perpendicular density data at zero distance
(Buckland et al. 1993).
Data were analysed as individual sightings rather than as clusters of animals. This does not appear to
introduce any bias into density estimation for macropods, where group sizes are relatively small (Southwell
and Weaver 1993). Although the use of individual sightings may overestimate the true variance, it has,
however, the advantage of providing relatively large sample sizes.
Estimation of relative bias
The relative bias (B) of each fixed-wing method was calculated as:
B = [(FW – H)/H] x 100 (3)
where FW is the fixed-wing density estimate and H is helicopter line-transect density estimate (White et al.
1989). That the relative bias of the block density estimates is equal to zero was tested using Student’s t-test.
Comparison of survey methods
Because surveys were not conducted simultaneously, some variability would be expected at the scale of
a transect line due to movement of animals. This would be negligible at the scale of a survey block. For this
reason and the fact that sample sizes are appreciably smaller on transect lines, the survey methods were
compared at the scale of a survey block. Furthermore, an analysis of these data at the scale of a transect line
yielded almost identical results.
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When aerial surveys are flown in an east–west direction, observers in fixed-wing aircraft often perceive a
difference in visibility between the northern and the southern sides of the aircraft. This can be exacerbated
by perspex hazing, whereby the oblique angle of the sun on the window reduces visibility. Because of this,
density estimates for the northern and southern sides of the fixed-wing aircraft were also compared.
Comparisons of the different survey methods were made using single and two-factor repeated-measures
analyses of variance (Winer et al. 1991), performed using the SAS statistical package (SAS Inst. Inc. 1988).
Analyses of the fixed-wing methods were performed with side of the aircraft being treated as a fixed
(between) factor and survey method as the repeated (within) factor. Comparisons of the helicopter line-
transect survey method and the fixed-wing methods were made on density estimates for both sides of the
aircraft pooled, with CST2 estimates included in the analyses. All density estimates were log10-transformed.
A critical assumption of a repeated-measures analysis of variance is that treatment difference variances
are equal. Violation of this assumption may result in inflated Type I errors (La Tour and Miniard 1983). To
avoid this problem, the Greenhouse–Geisser epsilon, the Huynh–Feldt epsilon and associated adjusted
significance levels were examined for each analysis. Where there was a discrepancy between adjusted and
non-adjusted significance levels, the conservative value was used.
Results
Red kangaroos
Although observed densities of red kangaroos obtained from the fixed-wing aerial surveys
were generally higher for the southern side of the aircraft than they were for the northern side,
the differences between them were not significant (F < 1.00, d.f. = 1,2, P > 0.25). However,
there was a significant difference between the four fixed-wing methods (F = 6.36, d.f. = 3,6, P <
0.01). Results of an a posteriori comparison of means (Newman–Kuels procedure: Winer et al.
1991) showed that the density estimates of ST2 were significantly less than those of ST1, LT1
and LT2 (P < 0.01). No differences existed between the other three methods.
The mean densities of red kangaroos at Longreach, Blackall and Charleville estimated by the
helicopter line-transect surveys and by the four fixed-wing methods are given in Table 1 along
with the ‘corrected’ density estimates for ST2 (CST2). An LT2 estimate for Charleville was not
possible because of a small (<10) sample size. Comparison of the six density estimates for the
Longreach and Blackall blocks resulted in a significant difference between survey methods (F =
12.16, d.f. = 5,5, P < 0.01), with a priori contrasts between the helicopter line-transect survey
method and each of the fixed-wing methods revealing that only ST2 differed significantly (P <
0.05). The use of habitat and temperature correction factors to determine CST2 eliminated this
difference.
The relative biases (B) of the fixed-wing methods are shown in Fig. 1a. Only the relative bias
of ST2 was significantly different from zero (P < 0.05). The relatively large standard errors of
these biases indicate their variability across blocks. Correcting for habitat and temperature did
not reduce the variability in the relative bias in CST2 over ST2.
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Table 1. Densities (± s.e.) of red kangaroos (km–2) in the three survey blocks estimated by helicopter
line-transect surveys (HLT), fixed-wing aircraft strip-transect surveys (ST1, ST2 and CST2) and
fixed-wing aircraft line-transect surveys (LT1 and LT2)
No estimate is given for LT2 on the Charleville block because of insufficient observations. For full
explanation of these methods see text
Survey method
HLT ST1 ST2 CST2 LT1 LT2
Longreach 8.74 ± 1.24 11.68 ± 2.15 5.23 ± 1.13 12.68 ± 2.54 7.85 ± 1.73 10.91 ± 2.05
Blackall 13.32 ± 2.22 11.21 ± 1.79 5.07 ± 0.71 12.20 ± 1.14 9.91 ± 1.42 13.31 ± 1.68
Charleville 0.78 ± 0.04 0.43 ± 0.17 0.29 ± 0.13 0.74 ± 0.33 0.32 ± 0.15 –
Eastern grey kangaroos
Although the observed densities of eastern grey kangaroos obtained from the fixed-wing
aerial surveys were, in most instances, higher on the southern side of the aircraft than they were
on the northern side, the differences between them were not significant (F = 1.19, d.f. = 1,4, P >
0.25). The four fixed-wing methods were found to be significantly different (F = 8.97, d.f. =
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Fig. 1. The relative biases of fixed-
wing aircraft aerial survey methods
determined in relation to a helicopter
line-transect survey method (see text).
The fixed-wing methods are: ST1, 
100-m strip transects on either side of
the aircraft; ST2, 200-m strip transects
on either side of the aircraft; CST2,
‘corrected’ 200-m strip transects on
either side of the aircraft; LT1, line-
transect sampling on either side of the
aircraft, with sightings grouped into 
50-m perpendicular distance classes out
to 200 m and each 50-m distance class
scanned equally by the observers; LT2,
line-transect sampling on either side of
the aircraft, with sightings grouped into
50-m perpendicular distance classes out
to 200 m, but with observers
concentrating on the innermost 50-m
strip to avoid missing any animals in
that strip.
3,12, P < 0.01), with a posteriori comparisons of the means showing that the density estimates
for ST2 were significantly less than those for the other three methods (P < 0.05). No differences
existed between the other three methods.
The mean densities of eastern grey kangaroos at Longreach, Blackall and Charleville
estimated with helicopter line-transect surveys and the four fixed-wing methods are given in
Table 2 together with the ‘corrected’ density estimates for ST2 (CST2). Comparison of the six
density estimates in Table 2 resulted in a significant difference between survey methods (F =
7.90, d.f. = 5,10, P < 0.01), with a priori contrasts showing a significant difference between the
helicopter line-transect survey method and ST1, ST2 and LT1 (P < 0.01), but not between the
helicopter line-transect survey method and LT2 and CST2. Use of habitat and temperature
correction factors to determine CST2 eliminated the difference between the helicopter line-
transect survey method and ST2.
The relative biases (B) of ST1, ST2 and LT1 were all significantly different from zero (P <
0.01), while those for CST2 and LT2 were not (Fig. 1b). In contrast to the results for the red
kangaroos, the standard errors for these estimates of relative bias were generally small,
indicating a relative constancy of bias across blocks. Correcting for habitat and temperature
reduced the relative bias of CST2, but also appeared to increase its variability.
Common wallaroos
Wallaroos were present in only trace numbers at Charleville and were not detected at all by
some of the fixed-wing methods. Therefore, the comparative analyses of the survey methods
involved only the Longreach and Blackall survey blocks. Although the observed densities of
wallaroos obtained from the fixed-wing aerial surveys were, in most instances, higher on the
southern side of the aircraft than they were on the northern side, the differences between them
were not significant (F < 1.00, d.f. = 1,2, P > 0.25). Contrary to what was found with red
kangaroos and eastern grey kangaroos, there was no significant difference between the four
fixed-wing methods (F = 1.46, d.f. = 3,6, P > 0.25).
The mean densities of wallaroos at Longreach and Blackall estimated with helicopter line-
transect surveys and the four fixed-wing methods are given in Table 3. Correction factors are not
currently applied to wallaroo counts, so no value for CST2 was determined. Comparison of the
five density estimates in Table 3 resulted in a significant difference between survey methods (F
= 26.57, d.f. = 4,4, P < 0.01), with a priori contrasts between the helicopter line-transect survey
method and each of the fixed-wing methods showing that only ST2 differed from it significantly
(P < 0.05).
Despite the presence of small standard errors, only the relative bias (B) of ST2 was
significantly different from zero (P < 0.01) (Fig. 1c). Such small standard errors again indicate
constancy of bias across blocks.
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Table 2. Densities (± s.e.) of eastern grey kangaroos (km–2) in the three survey blocks estimated by
helicopter line-transect surveys (HLT), fixed-wing aircraft strip-transect surveys (ST1, ST2 and
CST2) and fixed-wing aircraft line-transect surveys (LT1 and LT2)
For full explanation of these methods see text
Survey method
HLT ST1 ST2 CST2 LT1 LT2
Longreach 3.92 ± 1.16 1.09 ± 0.29 0.39 ± 0.18 0.97 ± 0.47 1.65 ± 0.79 2.97 ± 0.57
Blackall 10.84 ± 0.91 3.93 ± 0.65 2.16 ± 0.48 5.25 ± 1.14 4.04 ± 0.89 4.04 ± 1.00
Charleville 4.78 ± 1.84 2.32 ± 0.81 1.31 ± 0.34 3.50 ± 0.74 1.43 ± 0.38 2.74 ± 0.97
Discussion
For red kangaroos and eastern grey kangaroos, helicopter line-transect density estimates were
considered to be accurate over a reasonably wide range of environmental conditions (Clancy et
al. 1997). This underpins any conclusions that can be drawn from the present study concerning
aerial surveys by fixed-wing aircraft for these two species. For wallaroos, helicopter line-
transect density estimates are known to be negatively biased by a factor of 2–3 (Clancy et al.
1997). However, this bias appears to be relatively consistent, allowing some evaluation of the
bias of density estimates obtained using fixed-wing methods.
For all three species, density estimates for 200-m strip transects were significantly negatively
biased (Fig. 1). Correction factors by which these would need to be multiplied in order to equal
the helicopter line-transect estimates are given in Table 4 for each of the survey blocks, together
with values derived from a number of previous studies. The correction factors given for
wallaroos, however, are conservative (Clancy et al. 1997). The values given for the previous
studies have been derived from surveys conducted in sunny conditions at the same height, speed,
strip width and time of day as the present study. Also, if temperatures were warmer than 20°C,
then the appropriate correction was applied. Barnes et al. (1986) highlighted the need for
standard errors of correction factors that could then be incorporated into the precision of the
corrected density estimate. Where possible, standard errors are presented with the correction
factors determined in this study (Table 4). The surveys conducted in this study are examples of
double sampling in which standard errors can be calculated using transect lines as replicates
(Cochran 1977; Pollock and Kendall 1987).
For red kangaroos, there is broad agreement among the various correction factors, and these
correction factors are positively associated with vegetation density in this study (Table 4). The
situation for wallaroos and eastern grey kangaroos, however, is much less clear, with correction
factors that are negatively associated with vegetation density in this study. Low and inaccurate
density estimates may have contributed to this. Furthermore, on the Longreach survey block,
eastern grey kangaroos and wallaroos tended to be restricted in their distributions to small
pockets of woodland or hilly country. Therefore, the regional habitat description does not reflect
the habitat used by these two species (see below).
For all three species, density estimates from 100-m strip transects were generally negatively
biased, but only significantly so for eastern grey kangaroos (Fig. 1). Correction factors for
densities of all three species in 100-m strips are given in Table 5, together with values derived
from other studies. In most instances, these correction factors are less than half those derived for
200-m strips (Table 4). A breakdown of the LT1 data revealed that a high proportion of the
animals observed in a 200-m strip were seen in the first 100 m, confirming the existence of the
problem suggested by Barnes et al. (1986). The correction factors for 100-m strips derived in the
present study show reasonable agreement with those from other studies, but correction factors
for eastern grey kangaroos and wallaroos again show a negative association with vegetation
density which is again counter-intuitive (Table 5). The survey methods used in all studies were
standardised for most variables, with the exception of survey height and speed.
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Table 3. Densities (± s.e.) of common wallaroos (km–2) in the Longreach and Blackall survey blocks
estimated by helicopter line-transect surveys (HLT), fixed-wing aircraft strip-transect surveys 
(ST1 and ST2) and fixed-wing aircraft line-transect surveys (LT1 and LT2)
For full explanation of these methods see text
Survey method
HLT ST1 ST2 LT1 LT2
Longreach 1.41 ± 0.55 0.66 ± 0.46 0.37 ± 0.15 0.91 ± 0.38 1.15 ± 0.57
Blackall 13.35 ± 1.80 7.97 ± 1.74 3.26 ± 0.69 10.39 ± 2.33 8.47 ± 1.32
Correcting for habitat at the level of a survey block or transect line would still result in biased
estimates of density. At the level of a survey unit, the currently used correction factors still
yielded variable estimates of bias. Habitat is frequently patchy within a standard 200-m strip
survey unit (5 · 0.4 km) and the movement of animals between points of varying visibility
within a unit is well known (Bayliss 1987; Short and Hone 1988). Standardising time of day and
correcting for temperature will still result in some residual variation in density estimates
obtained from strip-transect surveys. One solution is to correct for habitat at the level of the
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Table 4. Comparison of correction factors (± s.e.) developed from the current study with those from
previous studies 
All correction factors have been developed for 200-m strip-transect counts using the same fixed-wing
aircraft aerial survey method (see text). Open refers to grassland and open shrubland; wooded refers to
vegetation ranging from low open woodland to woodland, and includes mulga tall shrubland 
Source Habitat Red Eastern grey Western grey Common 
kangaroos kangaroos kangaroos wallaroos
Bailey (1971) open 1.8 – – –
Caughley et al. (1976) open 2.3 – – –
Caughley et al. (1976) wooded 2.4 – – –
Short and Bayliss (1985) open 1.8 – 04.8 –
Short and Bayliss (1985) wooded 2.8 – 16.7 –
Short and Hone (1988) open 2.5 – 05.9 11.1
Southwell (1989) open 1.8 – – 03.9
Southwell (1989) wooded 4.2 – – 23.3
This study:
Longreach open 1.67 ± 0.39 10.18 ± 9.14 – 0o3.81
Blackall open/ 2.63 ± 0.44 5.02 ± 1.05 – 4.10 ± 0.66
wooded
Charleville wooded 2.69 3.65 ± 0.44 – –
Table 5. Comparison of correction factors (± s.e.) developed from the current study with those from
previous studies
All correction factors have been developed for 100-m strip-transect counts. The height (91 m) and speed
(167 km h–1) of the surveys of Caughley et al. (1976) and Bayliss (1987) differed from those of this study.
All surveys were conducted at similar times of day, in sunny conditions and temperatures cooler than 20oC.
Open refers to grassland and open shrubland; wooded refers to vegetation ranging from low open woodland 
to woodland, and includes mulga tall shrubland 
Source Habitat Red Eastern grey Western grey Common 
kangaroos kangaroos kangaroos wallaroos
Caughley et al. (1976) open 1.8 – – –
Bayliss (1987) open/ 1.0–1.8 – 2.3–2.9 –
wooded
This study:
Longreach open 0.75 ± 0.18 3.59 ± 1.54 – 2.14
Blackall open/ 1.19 ± 0.26 2.76 ± 0.47 – 1.67 ± 0.38
wooded
Charleville wooded 1.81 2.06 ± 0.41 – -
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animal. An alternative is to develop specific regional correction factors. Of the two, the latter
would appear to be more manageable.
Temperature is considered an important factor affecting aerial survey repeatability (Bayliss
and Giles 1985). Most other factors likely to affect it could be either randomised or standardised.
Two important and related factors are kangaroo behaviour and habitat use, both of which are
known to influence visibility (Hill et al. 1985; Short and Hone 1988), but are difficult to correct
for directly. Since both these factors would be influenced by temperature, correcting for
temperature may prove to be all that is necessary to make standard fixed-wing aircraft surveys
repeatable. However, this still needs to be examined over a greater range of environmental
conditions. For example, changes in habitat use unrelated to temperature may result from
changes in either the distribution or amount of food (Bayliss 1987).
Using line-transect methodology in fixed-wing surveys failed to produce convincingly
accurate estimates of density for eastern grey kangaroos and wallaroos and neither method was
consistently accurate for red kangaroos. While the two fixed-wing line-transect methods tended
to be more accurate than the uncorrected strip-transect methods (Tables 1–3), they were no more
consistent. Line-transect surveys conducted with fixed-wing aircraft have a methodological
problem: the assumption of 100% visibility on the survey transect line is probably not met in the
application of either of the two line-transect methods used, particularly since observers in fixed-
wing surveys look outwards from the survey platform rather than straight down as they do in
helicopter surveys. One possible solution to this problem is to assume that the line is directly
beneath the aircraft and then model the innermost strip that has not been searched for target
objects by the observers (Southwell 1989). However, a problem with this is that the detection
function for the innermost strip is still unknown and the visibility of animals on the survey
transect line if it could be searched may still not be 100% (Pollock and Kendall 1987).
Determining the proportion of animals seen on the line would allow an accurate estimate to be
calculated (Buckland et al. 1993). This might be achieved using double-counting (Caughley and
Grice 1982), with an independent observer in the front seat of a fixed-wing aircraft
concentrating on the same innermost strip as the observer in the rear seat.
The anticipated side-of-aircraft difference in sightability was not a significant one. When
analysed at the level of a transect line, the southern side of the aircraft provided less-biased
estimates of density than did the northern side, but the bias was no less variable. Many factors
that affect visibility on aerial surveys can be randomised in a survey design, reducing their
influence on sightability. Residual variance is increased by doing this, but bias should not be
affected. Side-of-aircraft could also be included as one of these factors.
At worst, fixed-wing aerial surveys have led to underestimates of population size and an
inability to track short-term fluctuations in numbers. In terms of setting harvest quotas, which
are based mainly upon population estimates, this would result in conservative management
practice. Higher correction factors could be applied to reduce bias. Further comparisons of
helicopter and fixed-wing estimates may show the full extent of any disparities in the survey
methods and the ability of temperature correction factors and broad-based habitat correction
factors to account for them.
An alternative to standard 200-m strip transects in fixed-wing aircraft surveys would be to
use 100-m strip transects. These have the advantage over 200-m strips of improved visibility,
leading to smaller correction factors and a reduction in random errors. They would be
particularly attractive if they returned more repeatable estimates than do 200-m strips. However,
this would need to be assessed in relation to continuing long runs of data using the standard 200-
m strip transect. Future surveys will hopefully clarify this as well.
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